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Densities of Several Proteins and L-Amino Acids in the Dry State
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Densities were determined pycnometrically, by helium displacement, for the anhydrous forms of several pro-
teins, 18 naturally occurring L-amino acids, glycine, and di- and tripeptides of glycine. Values observed for
the proteins included 1.261 g/cm? for B-lactoglobulin and 1.320 g/cm? for bovine serum albumin. No cor-
relation was observed between the experimentally determined densities of the proteins and the values calcu-

lated from their amino acid- composition.

Introduction

Early studies by Chick and Martin! on the density of
proteins in solution or in anhydrous form showed that
the proteins underwent a decided contraction upon
solution. MeMeekin, Groves, and Hipp? have studied
the density and water content of 8-lactoglobulin crystals
and showed that the density of the crystals is a linear
function of their water content over the range of 14—
469, moisture. They reported the values of 0.802
ml/g for the specific volume of anhydrous g-lacto-
globulin and 0.772 ml/g for the protein in erystals con-
taining 14-469, water. This difference was attributed
to either an apparent packing of the protein due to the
high density of the water molecules or to the presence
of molecular voids in the crystal which could not be
entered by the organic solvent used in measuring the
density of the dried crystals.

Haurowitz,? in discussing the problems encountered
in determining the density of dry-protein or wet-protein
preparations, pointed out the difficulties in choosing an
appropriate displacing fluid when the density is to be

determined.pycnometrically. These difficulties include
selecting a fluid which enters all voids in the protein
crystal and does not interact chemically with the pro-
tein.

The technique of gas displacement will, however,
circumvent many of these difficulties in density mea-
surements. Helium is usually chosen as the displaced
medium, as it is chemically inert, behaves as an ideal
gas, does not adsorb on the surface to any appreciable
extent at ambient temperatures, and is sufficiently
small to enter all voids between as well as within the
particles.

We were, therefore, prompted to apply the technique
of He displacement to measure the density of anhy-
drous B-lactoglobulin to determine if any such molecular
occlusions could be observed. The availability of
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different genetic forms of as-casein in large quantities
also made it possible to compare the densities of these
protein forms.

There is a paucity of data in the literature on the
densities of the naturally occurring L-amino acids in the
dry state. Furthermore, it was of interest to see if
any correlations existed between the densities of the
component amino acids and the densities of the pro-
teins themselves. It has been demonstrated that
calculations of the solution volumes of many proteins
from their amino acid compositions give values that are
in good agreement with the observed solution volumes,
though there are some exceptions.*

Experimental Section

B-Lactoglobulin (recrystallized 4 times) was prepared
according to the method of Gordon, Semmett, and Zie-
glers and a-casein (Na salt) was prepared by the method
of Hipp, et al.® The genetic variants of as-casein were
purified preparations given to us by Dr. M. P. Thomp-
son, Eastern Regional Laboratory, U. S. Department
of Agriculture, Philadelphia, Pa. The bovine serum
albumin was a preparation of fraction V from bovine
plasma purchased from Armour Pharmaceutical Co.
All the proteins were dried by lyophilization.

The amino acids and peptides were commercial
samples of the highest available purity. Cysteine,
glycylglycine, and glycylglycylglycine were purchased
from Nutritional Biochemicals Corp. and lysine was
purchased from Sigma Chemical Co. All other amino
acids were purchased from Calbiochem.

Helium (Southern Oxygen Co.) was purified by pass-
ing through a charcoal trap maintained at —195°.
The charcoal was initially outgassed at 250° for several
hours.

Protein densities were measured at 25° by helium
displacement using a volumetric gas-adsorption system,
as previously described.” Prior to measuring the
densities, the protein samples were degassed under high
vacuum (10— torr) to constant weight. Most of the
water was removed within 16 hr while pumping at
ambient temperature; however, the degassing was con-
tinued at 40° for 3-5 days. Outgassing was considered
complete when there was no mass loss of more than
0.019, of the sample mass in the final 24 hr of drying.

Densities of the amino acids and peptides were
measured with a Beckman air-comparison pycnometer
using helium as the pycnometric medium. The amino
acids were initially dried to constant weight in a vacuum
oven at ambient temperature. (Reference to certain
products or companies does not imply an endorsement
by the department over others not mentioned.)

Results

The denéity values obtained for the several protein
preparations are presented in Table I and the values
for the amino acids are presented in Table II. The

peptides glycylglycine and glyeylglycylglycine ex-
hibited density values of 1.515 and 1.489 g/cm,?® respec-
tively, when determined by helium displacement.

Table I: Densities of Several Dried Proteins

Density,
Protein g/cm3
Bovine serum albumin 1.320
B-Lactoglobulin 1.261
~asA/A-Casein 1.251
as-C/C-Casein 1.264
Sodium-a-caseinate 1.616
Table II: Densities of L-Amino Acids
Density,
Amino Acid g/cm?
Arginine 1.325
Alanine 1.371
Aspartic acid 1.636
Cysteine 1.495
Cystine 1.655
Glutamic acid 1.566
Glycine 1.598
Histidine 1.412
Isoleucine 1.201
Leucine 1.167
Lysine 1.237
Methionine 1.311
Phenylalanine 1.315
Proline 1.376
Serine 1.582
Threonine 1.499
Tryptophan 1.303
Tyrosine 1.403
Valine 1.267
Discussion

There is reasonably good agreement between the
values reported in this paper for the densities of glycine,
L-alanine, L-aspartic acid, rL-glutamic acid, L-leucine,
L-tyrosine, and L-valine and those listed in the Hand-
book of Physics and Chemistry. The value 1.376
g/cm? reported here for the density of L-proline is also
in fair agreement with that of 1.35 g/em? reported by
Wright and Cole.?

Values for the density of p-lactoglobulin crystals, as
reported in the literature,®~'* range from 1.146 to 1.50
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g/em3.  Many of the variations in density result from
differences in water content of the crystals as well as
varying amounts of (NH,),SO, or sucrose occluded
within the crystals during the preparation. Water
content need not be considered in the present study,
since the data reported here are for degassed samples.
Furthermore, there should be no problem of molecular
voids impenetrable by helium, as discussed by McMee-
kin, with reference to organic solvents.? ’

The value of 1.261 g/cm? reported in the present in-
vestigation is in excellent agreement with that of 1.260
g/cm? reported by McMeekin and Warner!? and that of
1.27 g/cm? reported by Riley.

Since there was such close agreement between the
values for the density of 8-lactoglobulin obtained in the
present study by He displacement and that obtained
by McMeekin and Warner!? with organic solvents, we
may conclude that there were no molecular occlusions
penetrable by helium and impenetrable by the organie
solvent. Furthermore, when N, was used in place of
He in the gas-displacement method, no substantial
change in density was observed. -

The specific volume of a protein is essential for cal-
culating its molecular weight in solution, yet such
specific volumes are often difficult to determine experi-
mentally. Cohn and Edsall® have, however, de-
seribed a method for calculating the specific volume of
a protein from its amino acid composition, the volume
of a protein molecule being the sum of the volumes of
its component groups or atoms. Subsequently, Mec-
Meekin and Marshall* applied this method to calculate
the specific volumes of 19 different proteins and found
good agreement between the calculated values and
those reported in the literature.

In attempting to correlate protein density in the dry
state with the densities of the component amino acids,
it was necessary to obtain a suitable density value for
the amino acid residues as present in the proteins. A
correction factor will, therefore, have to be applied to
the densities of the amino acids to take account of the
water eliminated when the amino acids are bound in the
peptide linkage. Cohn and Edsall,’® using Traube’s'®
values for apparent molal volume increments for H and
O atoms, subtracted the factor 6.60 em? from the ob-
served molal volumes of the amino acids in solution to
account for the volume loss of water in forming the
peptide bond. The other corrections made by these
authors, for changes in covolume and solvent electro-
striction when calculating the volume of an amino acid
residue in a protein in solution from the volume of a
free amino acid in solution, are not applicable to our
work in the dry state.

It should be possible to calculate an experimental
peptide-bond volume correction, using our data for the
densities of glycine and glycylglycine, as the volume of
glyeylglycine should be equivalent to twice the volume
of glycine less the volume of water eliminated in form-
ing a single peptide bond. Such calculations yielded a
value of 6.75 em?, which is close to that of 6.60 cm? as
employed by Cohn and Edsall.'® Using this factor of
6.75 cm3 for each of the two peptide bonds present in
glycylglycylglycine, one may expect a density value of
1.484 g/cm?, which is in excellent agreement with our
observed value of 1.489 g/cm.?

When the density of g-lactoglobulin is calculated
using the compositional data given by McMeekin'" or
the more recent data of Dawson,!® values of 1.478 and
1.479 g/cm,? respectively, are obtained for the density
of B-lactoglobulin. These values are substantially
higher than the observed value of 1.26 g/cm.? Further-
more, when the density of the bovine serum albumin
was calculated using compositional data obtained in our
laboratory for the same sample, a value of 1.492 g/cm?
was obtained, which is also higher than the observed
density of 1.320 g/em.? Though amino acid composi-
tion may vary between different preparations of 8-
lactoglobulin, it may, nevertheless, be concluded that
in the dry state the volume of a protein is not necessarily
the sum: of the volumes of its component groups. This
conclusion is not necessarily in conflict with the results
of McMeekin and Marshall,* since it does not neces-
sarily follow that the volumes of the constituent amino
acids of a protein should be additive in both the dry
state and in solution.
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